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Introduction
The Ljubljansko barje is a very intriguing place. This
floodplain located to the south of the Slovenian ca-
pital, Ljubljana, has been a focus for archaeologists
for more than a hundred years. In the Neolithic and
Eneolithic, many settlements were erected on the
floodplain, mostly in the tradition of so-called pile-
dwellings, and these sites were present in this area
at least from the 6th millennium calBC to the Early
Bronze Age. Besides this long occupational sequence
and similar building techniques, considerable diffe-
rences may be observed in the material culture, es-
pecially in the different pottery traditions (e.g., Bre-
gant 1964; Koro∏ec 1964; Koro∏ec, Koro∏ec 1969;
Bregant 1974a; 1974b; 1975; Harej 1975; 1978;
1981–82; 1987; Velu∏≠ek 2004; 2006; 2009 etc.).
Ljubljansko barje is also a subject of continuous de-
bate over the existence or non-existence of a Holo-
cene lake and the interpretation of Neolithic-Eneoli-
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thic pile-dwellings (e.g., Melik 1946; Velu∏≠ek 2004;
2007; Verbi≠ 2011 contra Budja 1995; Mleku∫ et
al. 2006; Budja, Mleku∫ 2008; 2010). Despite all the
controversy surrounding these finds, the area has
always been part of extensive studies covering many
fields of research since the first excavations; from
palynology to dendrochronology, from archaeozo-
ology to material culture studies (e.g., πercelj 1966;
1974; 1975; Strmole 1974; Osterc 1975; Stritar
1975; Golyeva 2006; Turk 2006; 2009; Bernardini
2009 etc.). With the vast scope of research it is sur-
prising that the most common artefacts at these sites,
namely pottery, are the most understudied material
in terms of technology. Besides basic descriptions of
colour, inclusions and general appearance, typologi-
cal studies have been prevalent, and only some sam-
ples from Maharski prekop and Resnikov prekop
have been studied with petrography and X-ray dif-
fraction (Osterc 1975).
In this article, a new look into old material, ceramics,
is presented. The observations and results are based
on studies of pottery samples from three Neolithic/
Eneolithic sites in Ljubljansko barje: Resnikov pre-
kop, Maharski prekop and Breg near πkofljica. The
samples were studied by hand specimen analysis
and grouped according to their sand-sized inclusions.
Later samples for were chosen for petrographical
analysis, prepared as thin sections. The pottery was
then ordered into various fabrics that can also be in-
terpreted as the recipes of potters at these sites. In
the last stage, these results were compared to analy-
ses of locally gathered clays and sediments. The ce-
ramic vessels are presented as part of an operatio-
nal sequence or chaîne opératoire in pottery prepa-
ration in the Neolithic and Eneolithic period of the
eastern Ljubljansko barje region, and their role in the
complexity of people’s lives is also investigated.
Archaeological sites and samples
Resnikov prekop
Resnikov prekop is one of the oldest Neolithic sites
in central Slovenia and was discovered during exca-
vations for a new canal near Ig on the Ljubljansko
barje in 1953 (Fig. 1). In 1957, Sta∏ko Jesse excava-
ted two trenches, one on each side of the canal; the
results of his excavation were published later, in the
1970s (Harej 1975). The most extensive excavations
were carried out in 1962 by Josip Koro∏ec (Bregant
1964; Koro∏ec 1964). A small number of vertical and
horizontal wooden piles was discovered, as well as
fragments of branches, stone slabs and plaster frag-
ments. A great amount of pottery, 8 stone axes and
some silex tools were also found (Koro∏ec 1964.34).
In 2002, the Institute of Archaeology in Ljubljana ex-
cavated trenches at Resnikov prekop, south of Ko-
ro∏ec’s excavation area, where mostly pottery was
found (Velu∏≠ek 2006). The excavation confirmed
the observations from the 1960s that the cultural la-
yer at the site had been swept away and the finds
represent artefacts from different periods mixed to-
gether (Budja 1994/1995.167; Velu∏≠ek 2006.57).
Only heavier artefacts, such as pottery, stones, larger
bones and vertical piles probably remained in their
original positions at the site.
The piles, although only a few of them have been
excavated, show rows that ran in a southwest-north-
east direction typical of Ljubljansko barje. In compa-
rison with other so-called pile-dwelling sites on the
Ljubljansko barje, Resnikov prekop has fewer piles
and the buildings were poorly maintained. This led
to the conclusion that the site was occupied for only
a short period, perhaps less than a decade (Velu∏≠ek
2006.57). According to the radiocarbon dates of ver-
tical piles, the existence and duration of the Resni-
kov prekop site was placed firmly in the 46th cen-
tury calBC (∞ufar, Koren≠i≠ 2006.124, Tab. 2). Ne-
vertheless, new radiocarbon dates from charred or-
ganic residues on pottery show that the occupation
at Resnikov prekop had a longer time span, lasting
from around 5300 to 4400 calBC (see Mleku∫ et al.
2013).
Maharski prekop
This site was also discovered in 1953, at a location Na
Mahu near the Maharski prekop canal (Fig. 1). Syste-
matic excavations began in 1970 by Tatjana Bregant
and the Department of Archaeology at the University
in Ljubljana and continued for several seasons until
1977 (Bregant 1974a; 1974b; 1975; with unpub-
lished material from seasons 1976 and 1977). The
excavated area was more than 1100m2 and the finds
were documented in 4 x 4m grid squares (Bregant
1975.9–10). The results of these excavations and re-
cent geomorphological assessments using LiDAR
show that Maharski prekop is located on a flood-
plain with several paleochannels and an active river
channel near the site (Mleku∫ et al. 2006; Budja,
Mleku∫ 2008). The site had a distribution of more
than 2400 wooden piles, clay floors and grindstones,
which were interpreted as the remains of 9 houses,
approx. 4 x 10m in size (Mleku∫ et al. 2006). New
radiocarbon dates show that the occupation at Ma-
harski prekop had roughly two phases: one dated be-
tween 4400 and 4000 calBC and the other between
3800 and 3550 calBC (Mleku∫ et al. 2012.Fig. 2).
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Breg near πkofljica
This site was discovered during a to-
pographic survey and is located on a
small isolated hill called Breg near
the small town of πkofljica in the
south-eastern part of Ljubljansko
barje (Fig. 1). In the years 1983 to
1984 two small trenches, 2 x 2m,
were excavated by Franc Osole and
his team; the oldest layers were da-
ted to the castelnovien or younger
Mesolithic period (Frelih 1986.35–
36). The excavations yielded more
than 2500 different stone tools, such
as scrapers, blades, burins, cores and
other types of flake (Frelih 1986.27).
These layers were also radiocarbon
dated, but the published dates are
confusing, since different dates are
given for the same samples (see Bu-
dja 1993.175). The second excava-
tion was led by Mihael Budja in the
1990s, and again two small trenches, 2 x 2m, were
excavated (trench II in1996 and trench I in 1997).
Pottery fragments were excavated in the oldest layer,
together with typical Mesolithic geometrical tools
(Toma∫ 1999.58–73; Budja, Mleku∫ 2008).
Analytical methods
To identify the pottery technology and the operatio-
nal sequence or chaîne opératoire, the pots were
first sampled according to their stratigraphic posi-
tion, vessel type and ornamentation techniques at
each site. The samples were then analysed using a
hand lens and following descriptions of pottery pub-
lished by Milena Horvat (1999). Such hand specimen
analyses enabled the characterisations of broader
technological traits for large pottery assemblages.
The basic composition of the pots was described, i.e.
their inclusions, the abundance and size of the parti-
cles and the presence of voids; the hardness, surface
colour, firing atmosphere and surface treatment
were also recorded. The samples were then grouped
into different fabric types, which enabled us to se-
lect samples for petrographic analysis. The petrogra-
phic description of pottery enhances the identifica-
tion of different non-plastic inclusions and allows for
direct comparisons with regional geology (Whit-
bread 2001.451).
Pottery samples for the petrographic analysis were
prepared as standard thin sections of 30µm thick-
ness (Reedy 2008.1–3). The samples were then ana-
lysed under a polarising light microscope, following
the descriptions proposed by Ian Whitbread (1995.
Appendix 3) and the volume estimates were made
using tables published by Richard D. Terry and
George V. Chillingar (1955). The samples were then
sorted into fabric groups, based on the composition
of their inclusions, the clay matrix and the voids
under the microscope. On the basis of compositio-
nal, microstructural and textural criteria, the pres-
ence of specific techniques was detected, such as the
intentional addition of temper, raw material proces-
sing, vessel-forming techniques, and the atmosphere
and degree of firing (Reedy 2008.146–148, 173–
189; Rice 1987.409–411; Whitbread 1986; 1995.
393–394).
In addition, we sampled clays near Resnikov prekop
and Maharski prekop. The clay samples were ana-
lysed using an X-ray diffractometer in their natural
state, and were additionally prepared as approx. 3
x 4cm plates and fired in a controlled oxidising at-
mosphere at 700°C. The fired clay samples were
then analysed using the X-ray diffraction technique,
made into thin sections and analysed using a polari-
sing light microscope, following a criteria similar to
that applied to the pottery samples (Whitbread
1995; Terry, Chillingar 1952).
Pottery technology at Resnikov prekop
The most common types of vessel found at Resnikov
prekop are various pots, followed by dishes, pedestal
Fig. 1. Map of the eastern part of Ljubljansko barje showing the
locations of sites mentioned in the text: 1 Resnikov prekop; 2 Ma-
harski prekop; 3 Breg near πkofljica; 4 Gornje mosti∏≠e.
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dishes, bowls, cups, jugs, and ladles with cylindrical
handles (see Mleku∫ et al. 2013). Vessel surfaces
were smoothed or burnished, but no surface poli-
shing was detected. These pots were made with the
coiling technique, the walls are very fine and less
than 5mm thick. The vessels were fired in an incom-
plete oxidising atmosphere, and only rare pots were
fired in an oxidising and reducing atmosphere. The
dominant colours of the pottery assemblage are grey,
dark brown and light red (Koro∏ec 1964.29–30; Ha-
rej 1975.147; Toma∫, Velu∏≠ek 2005.88–90). The
most striking feature is the fact that all the ornamen-
tation appears only on the exterior of the upper part
of the vessels. The ornaments were made with im-
pressions, incisions or appliqués, or a combination
of the three techniques. Some vessels were decorat-
ed with a red and, rarely, black slip, that was applied,
unlike other ornamentation techniques, to the entire
vessel, on the interior and exterior surfaces (Koro-
∏ec 1964.33; Harej 1975.149; Velu∏≠ek 2006.57–
58; Toma∫, Velu∏≠ek 2005).
For the present study, 120 pottery samples from
Resnikov prekop were analysed with a hand lens for
the presence of different inclusions, their size and
frequency, and the presence of voids. The samples
were chosen according to the typology of the publi-
shed material from the site (Koro∏ec 1964; Harej
1975; Velu∏≠ek 2006) and were in part used also
in the biochemical lipid analysis (see Mleku∫ et al.
2013). These vessels could be attributed to three
technological groups: the first group of vessels, made
from non-calcareous clay and only quartz inclusions
(31/120); the second group with quartz and calcite/
limestone inclusions is the most common (59/120);
the third comprised mostly calcite/limestone inclu-
sions (30/120). The majority of vessels, i.e. 52.5%,
has inclusions in the size range of medium sand (0.25
to 0.50mm) and a further 40.8% has inclusions in the
range of very fine sand (less than 0.25mm). Vessels
with coarser sand inclusions (0.50 to 2.00mm) are
much less common (6.7%) and made mostly with
quartz and calcite/limestone inclusions belonging to
the second technological group.
Various pots, different types of dishes and pedestal
dishes from Resnikov prekop share many technolo-
gical characteristics and are typically made with in-
clusions of quartz and calcite/limestone, which are
in the medium sand fraction. Different types of bowl
are similarly made, but nevertheless exhibit a stron-
ger presence of vessels made only with quartz inclu-
sions and much more fine-grained fabrics, with fine
sand inclusions.
Petrographic analysis of the Resnikov prekop
pottery
For the petrographic analysis of pottery from Resni-
kov prekop, 25 samples were chosen and prepared
as standard thin sections (Tab. 1). All samples were
chosen according to the technological characteristics
observed in the hand specimen description (see
above) covering all the different technological groups.
These samples can be attributed to eight different
fabric groups according to the characteristics of clays
and inclusions, as well as temper added by the pot-
ters at Resnikov prekop (Tab. 2, Fig. 2).
Fabric RP–1 (Fig. 2.A) is a very fine-grained non-cal-
careous clay with frequent (40%) non-plastic inclu-
sions, with a few sponge spicules present in the
paste. The clay appears to be only cleaned of coars-
er inclusions and no temper was added. The inclu-
sions are well sorted and mostly in the silt size fra-
ction. The inclusions are frequent monocrystalline
quartz, frequent muscovite and very rare biotite
mica, a few sponge spicules, rare chert grains, com-
mon opaques or ‘amorphous’ concentration features
(see Whitbread 1995.386) and very rare feldspars-
plagioclase grains (Tab. 2). The fabric could be iden-
tified in three samples from the Jesse trench I exca-
vated in 1957 (Harej 1975), but was not present in
any of the other trenches.
Fabric RP–2 (Fig. 2.B) is also a very fine-grained non-
calcareous clay, with common (20%) non-plastic in-
clusions with frequent opaques. The clay was only
cleaned of coarser inclusions, since no temper was
added by the potters. The inclusions are mostly well
sorted and have grains in the silt size fraction. The
inclusions are frequent monocrystalline quartz, rare
chert grains, common muscovite and a few biotite
mica, with very rare sandstone grains and very rare
argillaceous rock fragments (see Whitbread 1986)
(Tab. 2). The fabric was identified in five samples
from all excavated trenches and came from vessels
such as pots, dishes and pedestal vessels (e.g., Koro-
∏ec 1964.T. 10.7).
Fabric RP–3 (Fig. 2.C) has a coarser texture and is a
non-calcareous clay with common (20%) non-plastic
inclusions and chert, probably added as temper. The
chert grains are common (10%), semi-angular and
medium sorted, mostly in the fine to medium sand
fraction, and could have been added as temper by
the potters. The other inclusions include frequent
monocrystalline quartz, frequent muscovite and very
rare biotite mica, a few opaques and very rare argil-
laceous rock fragments (Tab. 2). The fabric could be
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Sample Site Year of Grid Context Vessel type Fabric Citation
No. excavation square group
RP5 Resnikov prekop 1957 deep dish RP–5 Harej 1975.T. 2.10
RP15 Resnikov prekop 1957 pot RP–2 Harej 1975.T. 6.8
RP20 Resnikov prekop 1957 Trench 1 small pot RP–1 Not published
RP21 Resnikov prekop 1957 Trench 1 small pot RP–1 Not published
RP22 Resnikov prekop 1957 Trench 1 cup RP–1 Not published
RP23 Resnikov prekop 1957 Trench 1 small pot RP–2 Not published
RP24 Resnikov prekop 1957 Trench 1 pot RP–5 Not published
RP30 Resnikov prekop 1962 pot RP–5 Koro[ec 1964.T. 18.1
RP34 Resnikov prekop 1962 bowl RP–8 Not published
RP35 Resnikov prekop 1962 pedestal dish RP–3 Not published
RP44 Resnikov prekop 1962 dish RP–2 Koro[ec 1964.T. 10.7
RP50 Resnikov prekop 1962 pedestal dish RP–6 Koro[ec 1964.T. 15.4
RP73 Resnikov prekop 1962 bowl| RP–8 Not published
RP79 Resnikov prekop 2002 11 Trench 1\SU 005 pot RP–8 Not published
RP84 Resnikov prekop 2002 9 Trench 1\SU 005 pot RP–5 Not published
RP85 Resnikov prekop 2002 4 Trench 2\SU 005 pot RP–6 Velu[;ek 2006.T. 13.3
RP89 Resnikov prekop 2002 11 Trench 1\SU 005 pedestal vessel RP–2 Not published
RP91 Resnikov prekop 2002 11 Trench 1\SU 005 pot RP–7 Not published
RP92 Resnikov prekop 2002 1 Trench 2\SU 005 pedestal vessel RP–5 Not published
RP98 Resnikov prekop 2002 9 Trench 3\SU 005 pedestal dish RP–6 Velu[;ek 2006.T. 19.4
RP100 Resnikov prekop 2002 9 Trench 3\SU 005 bowl RP–8 Velu[;ek 2006.T. 19.1
RP107 Resnikov prekop 2002 8 Trench 3\SU 005 pot RP–6 Not published
RP108 Resnikov prekop 2002 8 Trench 3\SU 005 pot RP–2 Not published
RP110 Resnikov prekop 2002 7 Trench 2\SU 005 deep dish RP–7 Velu[;ek 2006.T. 15.1
RP111 Resnikov prekop 2002 7 Trench 2\SU 005 dish RP–4 Velu[;ek 2006.T. 14.18
MP22 Maharski prekop 1974 17 pot MP–1 Bregant 1975.T. 15.4
MP26 Maharski prekop 1973 18 pot MP–1 Bregant 1975.T. 16.1
MP47 Maharski prekop 1973 23 pot MP–1 Bregant 1975.T. 22.6
MP55 Maharski prekop 1973 24 pot MP–1 Bregant 1975.T. 23.9
MP79 Maharski prekop 1974 27 dish MP–1 Bregant 1975.T. 29.2
MP103 Maharski prekop 1974 37 pot MP–1 Bregant 1975.T. 35.10
MP104 Maharski prekop 1974 37 pot MP–1 Bregant 1975.T. 36.2
MP199 Maharski prekop 1977 71 bowl MP–1 Not published
MP206 Maharski prekop 1970 1–8 bowl MP–1 Not published
MP211 Maharski prekop 1970 1–8 pot MP–1 Not published
MP13 Maharski prekop 1972 13 pot MP–2 Bregant 1974b.T.6.17
MP133 Maharski prekop 1972 13 pot MP–2 Not published
MP147 Maharski prekop 1976 44 pot MP–3 Not published
MP148 Maharski prekop 1976 44 pot MP–3 Not published
MP185 Maharski prekop 1977 68 pot MP–4 Not published
BR1 Breg near {kofljica 1997 3 SU 06 pot B–1 Toma/ 1999.T. B1.9
BR5 Breg near {kofljica 1997 3 SU 07 pot B–3 Not published
BR6 Breg near {kofljica 1997 4 SU 03\3 pot B–2 Not published
BR7 Breg near {kofljica 1997 4 SU 07 pot B–1 Not published
Tab. 1. List of pottery and clay samples presented in the article.
identified in only one thin section from a deep dish,
with an appliqué from Koro∏ec’s trench (unpubli-
shed, similar to Koro∏ec 1964.T. 7.1).
Fabric RP–4 (Fig. 2.D) has a fine texture and is a non-
calcareous clay with a few (10%) non-plastic inclu-
sions and chert, probably added as temper. The chert
grains are common, semi-angular and medium sor-
ted, mostly in the sand fraction up to 1.5 mm, and
could have been added as temper by the potters.
The other inclusions include frequent monocrystal-
line quartz, very rare sandstone grains, a few musco-
vite and very few biotite mica, a few opaques and
very few clay pellets (Tab. 2). The fabric could be
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identified in only one thin section
from a bowl from trench 2, excava-
ted in 2002 (Velu∏≠ek 2006.T. 14.
18).
Fabric RP–5 (Fig. 2.E) is a coarse-
grained non-calcareous clay with fre-
quent (30–40%) non-plastic inclu-
sions. The inclusions are medium
sorted, and especially quartz, sand-
stone and limestone grains are in the
medium to coarse sand and even
gravel fraction (more than 2mm).
The inclusions include dominant mo-
nocrystalline quartz, frequent musco-
vite and very few biotite mica, very
few sandstone and calcareous sand-
stone, very rare limestone, very few
chert, a few opaques and very rare
plagioclase feldspars (Tab. 2). It is
not clear if the coarse quartz, sand-
stone, calcareous sandstone and lime-
stone grains were intentionally ad-
ded to the clay as temper, since the
overall fabric and opaques or ‘amor-
phous’ concentration features can al-
so be quite coarse in these samples.
The samples made with this fabric
come mostly from pots, as well as
from pedestal vessels and bowls with
a red slip (e.g., Harej 1975.T. 2.10).
Fabric RP–6 (Fig. 2.F) is a non-calca-
reous clay with a few (10%) non-
plastic inclusions. The inclusions
are predominantly monocrystalline
quartz, common muscovite and very
few biotite mica, very few limestone
grains, rare sandstone and chert,
common opaques and very rare pla-
gioclase feldspars (Tab. 2). The
quartz, sandstone and chert grains
are well sorted and mostly in the silt
to fine sand fraction, and limestone grains are me-
dium to poorly sorted, in the medium to coarse sand
fraction. Limestone could have been added as tem-
per to the clay paste according to the size, shape and
sorting of the grains. The fabric is present in dishes,
pedestal dishes and pots (Koro∏ec 1964.T. 15.4; Ve-
lu∏≠ek 2006.T. 13.3, T. 19.4).
Fabric RP–7 (Fig. 2.G) is a non-calcareous clay with
common (20%) non-plastic inclusions The inclusions
are well to medium sorted and mostly in the silt fra-
ction; the quartz and limestone grains can be up to
coarse sand fraction. The inclusions are predomi-
nantly monocrystalline quartz, common limestone,
few muscovite and rare biotite mica, rare sandstone,
very rare chert, very rare plagioclase feldspars and
a few opaque grains (Tab. 2). The limestone is sub-
rounded, well sorted and mostly in silt-size fractions,
meaning it is a natural inclusion in the clay paste.
The fabric is typical of dishes and pots, and found
only in vessels excavated in Velu∏≠ek’s trench (e.g.,
Velu∏≠ek 2006.T. 15.1).
Fig. 2. Photomicrographs of the petrographic fabric groups de-
tected at Resnikov prekop: A – fabric group RP–1; B – fabric group
RP–2; C – fabric group RP–3; D – fabric group RP–4; E – fabric
group RP–5; F – fabric group RP–6; G – fabric group RP–7; H – fab-
ric group RP–8. Images A–B taken in plane polarised light; image
width is 1mm. Images C–H taken in crossed polars; image width is
2mm (photo by the author).
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Fabric RP–8 (Fig. 2.H) is a non-calcareous clay with
added calcite as temper with common to frequent
(20–30%) non-plastic inclusions. The natural present
inclusions are well sorted, mostly in the silt fraction,
and consist mainly of monocrystalline quartz, com-
mon muscovite and rare biotite mica, very rare chert
and a few opaque grains (Tab. 2). The calcite grains
are common, angular, poorly sorted to unsorted and
mostly in the fine to coarse sand range; two sam-
ples (RP73, RP79) also have calcite grains in the gra-
vel fraction. Calcite temper was added by the pot-
ters in at least (30/120) the vessels from Resnikov
prekop (see above). Various vessel types such as
pots, dishes, bowls and ladles were made from this
fabric (e.g., Velu∏≠ek 2006.T. 19.1), but the fabric is
very rare to absent in other types, such as jugs.
The fabrics have the characteristics of at least four
different natural non-calcareous clay pastes: one
paste is very fine grained with sponge spicules (fab-
ric RP–1); the second paste is very fine grained, with
frequent opaque minerals (fabric RP–2); the third
paste has many natural limestone inclusions and
only a few mica grains (fabric RP–7), and the fourth
paste has naturally occurring concentrations of chert,
sandstone and limestone grains in the silt fraction
(fabrics RP–3, RP–4, RP–5, RP–6 and RP–8). Potters
prepared these pastes in different recipes, for ex-
ample with no added temper, as in fabrics RP–1,
RP–2 and RP–7, and with added chert (fabric RP–3,
RP–4), sandstone (RP–5), limestone (RP–6) and cal-
cite (RP–8) temper to mostly the same naturally oc-
curing clay paste. Therefore, potters made vessels
with no temper, using different types of paste; on
the other hand, they added various natural inclu-
sions as temper to similar pastes. This shows a va-
riety of technological solutions by these potters in
the preparation of the clay body; nevertheless, the
forming, decorating and firing techniques of Resni-
kov prekop pottery were quite similar for most of
the vessels made at this site.
Pottery technology at Maharski prekop
We recently analysed the pottery from Maharski pre-
kop excavated from 1970 to 1977 (Bregant 1974a;
1974b; 1975; and unpublished material), using a
more holistic approach and combining the techno-
logy, typology, function and direct dates of the ves-
sels (Mleku∫ et al. 2012; Ogrinc et al. 2012). As
many as 349 whole or reconstructed vessels were
classified according to typological categories (after
Horvat 1999) and their capacity into five vessels
groups (Mleku∫ et al. 2012.332–334, Fig. 9–10). We
concluded that most of the pottery shows individu-
al use for consumption or preparation of food for
a smaller group of people, since vessels with volu-
mes from 0.5 to 2l were the most common at the
site. Large vessels used for the preparation and ser-
ving of food for larger groups of people were rare
(Mleku∫ et al. 2012.333). The vessels were also ana-
lysed for their lipid content by gas chromatography-
mass spectrometry (GC-MS), gas chromatography-
combustion-isotope ratio mass spectrometry (GC-C-
IRMS) and soft ionisation electrospray mass spectro-
metry techniques ESI Q-TOF MS. The results show
that the vessels contained residues of ruminant ani-
mal fats; many of the pots also show traces of mixed
animal and plant fats. In two vessels, traces of goat
milk could be identified (Ogrinc et al. 2012).
For the study of pottery technology, we analysed
222 pottery samples from Maharski prekop excava-
ted between 1970 and 1977. The hand specimen
analysis showed a great homogeneity in pottery fab-
rics and recipes. The majority of vessels are made
Fabric Sample No. Calcite Limestone Sandstone Spicules Quartz Chert Muscovite Biotite Opaques
groups (in %) (in %) (in %) (in  %) (in %) (in %) (in %) (in %) (in %)
Fabric RP–1 RP20,RP21,RP22 0 0 0 5–15 30–35 0.5–2 35–40 ∏0.5 10–25
Fabric RP–2
RP15,RP23,RP44,
0 0 ∏0.5 0 30–45 0.5–2 15–30 2–15 30–50RP89,RP108
Fabric RP–3 RP35 0 0 0 0 40 10 35 ∏0.5 15
Fabric RP–4 RP111 0 0 ∏0.5 0 50 10 15 2–5 15
Fabric RP–5
RP5,RP24,RP30,
0 ∏0.5 1–5 0 45–60 1–5 30–45 2–5 5–15RP84,RP92
Fabric RP–6
RP50,RP85,RP98,
0 1–5 0.5–1 0 40–50 0.5–2 15–40 0.5–3 10–25RP107
Fabric RP–7 RP91,RP110 0 20–40 1 0 40 ∏0.5 2–10 0.5–2 5–10
Fabric RP–8
RP34,RP73,RP79,
10–25 0 0 0 40–50 ∏0.5 15–35 0.5–3 10RP100
Tab. 2. The basic mineralogical composition of the eight fabric groups typical of the Resnikov prekop
pottery.
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with abundant calcite grains in the clay paste, which
is characteristic of more than 95% of the vessels
(Mleku∫ et al. 2012.334–335). The pottery was mo-
stly fired in a reducing or incomplete oxidised atmo-
sphere; the most common surface colour is dark
grey; the surfaces of the vessels are burnished, and
the pottery is mostly soft (Mohs scale 2–4). The ves-
sels were all hand made using the coiling technique.
All these characteristic give this pottery assemblage a
very homogenous appearance (Bregant 1974a.19–
20; 1974b.50–52; 1975.34–35).
Petrographic analysis of the Maharski prekop
pottery
For the petrographic analysis, 15 samples from Ma-
harski prekop were prepared as standard thin sec-
tions. The samples were chosen according to the cha-
racteristics observed in the hand specimen analysis
(Tab. 1). The analysed samples could be classified in-
to four different fabrics according to the temper and
the mineralogical composition of the natural clay
paste and non-plastic inclusions (Tab. 3, Fig. 3A–3D).
Fabric MP–1 (Fig. 3.A) is a non-calcareous clay with
frequent (30%) non-plastic inclusions and calcite
grains added as temper. The naturally present inclu-
sions are well sorted and mostly in the silt size fra-
ction. They consist of common to frequent monocry-
stalline quartz, a few muscovite and very few biotite
mica, very rare chert, a few opaques, very rare argil-
laceous rock fragments, a few grains of organic mat-
ter, very rare calcareous sandstone and very rare pla-
gioclase feldspars (Tab. 3). Calcite grains are fre-
quent to dominant, angular, poorly sorted to unsor-
ted and mostly in the fine to coarse sand fraction.
The majority of the Maharski prekop pottery was
made with this fabric; the fabric is typical of most of
the vessel shapes, predominant in all of the excava-
ted houses and from all of the phases, according to
the radiocarbon dates.
Fabric MP–2 (Fig. 3.B) is a non-calcareous clay with
frequent (30%) non-plastic inclusions and crushed
pottery (grog) and calcite grains added as temper.
The naturally present inclusions are well sorted and
mostly in the silt size fraction. They consist of com-
mon monocrystalline quartz, a few muscovite and
rare biotite mica, very rare chert, very few opaque
grains, very rare argillaceous rock fragments and a
few grains of organic matter (Tab. 3). Calcite grains
are common, angular, poorly sorted and mostly in
the fine to coarse sand fraction. The main characte-
ristic of this fabric is the presence of crushed pottery
or grog. The grog grains are semi-angular, poorly
sorted and present in the fine sand to coarse sand
fraction. The mineralogical compositions of grog are
similar to fabric MP–1, which proves that the potters
re-used old or damaged pottery as tempering mate-
rial in addition to crushed calcite grains, which com-
prised the most common temper at the site. Apart
from grog, the non-plastic inclusions and calcite tem-
per of this fabric are similar to fabric MP–1. Fabric
MP–2 is rare at the site, and present mostly around
house No. 4, which is attributed to the younger oc-
cupation phase and was used for making pots (e.g.,
Bregant 1974b.T. 6.17).
Fabric MP–3 (Fig. 3.C) is a non-calcareous clay with
few (10%) non-plastic inclusions. The inclusions are
frequent monocrystalline quartz, common musco-
vite and very few biotite mica, a few opaque grains
and very rare argillaceous rock fragments. The main
characteristic of this fabric is the common presence
of organic matter, which was probably added as tem-
per to the natural clay paste (Tab. 3). The fabric is
rare at the site, being present in less than 3% of the
vessels, mostly used in the preparation of pots (e.g.,
Bregant 1975.T. 18.3).
Fabric MP–4 (Fig. 3D) is a non-calcareous clay with
few (10%) non-plastic inclusions. These include fre-
quent monocrystalline quartz, rare sandstone, very
few chert, frequent muscovite and a few biotite
mica, a few opaque grains and very rare argillaceous
rock fragments (Tab. 3). The quartz, sandstone and
chert grains are mostly angular and poorly sorted;
Fabric Sample No. Grog Calcite Quartz Chert Muscovite Biotite Organic matter Opaques
groups (in %) (in %) (in %) (in %) (in %) (in %) (in %) (in %)
Fabric MP–1 MP22,MP26,MP47, 0 20–50 15–40 0.5–1 10–20 1–5 2–10 5–15
MP55,MP79,MP103,
MP104,MP199,
MP206,MP211
Fabric MP–2 MP13,MP133 5–10 15–30 20–30 0.5–1 10–20 1–3 1–5 3–5
Fabric MP–3 MP147,MP148 0 0 30–40 0.5–1 15–30 1–5 20–30 5–10
Fabric MP–4 MP185 0 0 40 3 30 5 0 10
Tab. 3. The basic mineralogical composition of the four fabric group, typical of the Maharski prekop pottery.
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the grains can be up to the coarse sand to gravel
fraction. These grains could have been added as
temper to the clay paste. The fabric was recognised
in only one sample from the analysed vessels and is
from a small fragment decorated with incised lines
that was fired in an oxidising atmosphere. The frag-
ment is similar to pottery from Resnikov prekop
(compare with Koro∏ec 1964.T. 4.6; Harej 1975.T.
2.1, 3, 4; Velu∏≠ek 2006.T 10.9–14). This fabric dif-
fers significantly from the remaining fabric from Ma-
harski prekop, especially in comparison to fabrics
MP–1 and MP–2, which could support the idea that
rare fragments with similarities to pottery from Res-
nikov prekop were carried by rivers to Maharski pre-
kop (see also Bregant 1974b.52).
All the fabrics from Maharski prekop have a similar
composition of non-plastic inclusions in the clay
paste and were therefore made from similar natural
clays; the main difference between the fabrics is the
type of temper used in pottery preparation techni-
ques. Maharski prekop potters used mostly crushed
calcite as temper, but also crushed old pottery or
grog; organic materials, quartz, sandstone and chert
grains were also used. The majority of pottery, more
than 95%, was made with fabric MP–1, in which cal-
cite grains comprise the main tempering material;
all the other fabric are represented in less than 5%
of the vessels at Maharski prekop. The technological
characteristics, with similar forming, decorating and
firing techniques, gives the Maharski prekop pottery
a very homogenous appearance and point to a very
strong pottery tradition at the site that lasted at least
800 years according to new radiocarbon dates.
Pottery technology at Breg near πkofljica
Only 65 fragment of pottery were excavated in two
trenches at Breg (37 fragments from trench I – 1997
and 28 fragments from trench II – 1996). The pot-
tery shows great diversity in the hand specimen de-
scription. Vessels are made either with calcite/lime-
stone grains, with only quartz grains or with a com-
bination of quartz and calcite/limestone. The pot-
tery from trench II has different characteristics from
the pots from trench I, where vessels made with
abundant calcite/limestone were rare, the surfaces
of vessels were mostly smoothed and rarely burni-
shed, the pots were fired in an incomplete oxidising
atmosphere, but a reducing atmosphere is also pre-
sent (Toma∫ 1999.58–73). The common characteris-
tics of these pots are the absence of slips and inci-
sed decorations. The typological determination of
vessels was possible on only two fragments: one pot
from trench I and one dish/bowl from trench II (To-
ma∫ 1999.T. B1.1,9). The pottery assemblage from
Breg near πkofljica has unique characteristics that
set this site apart from the contemporaneous pottery
at Resnikov prekop, but the overall generalisation of
this observation is not possible, since the Breg pot-
tery assemblage is smaller than the one at Resnikov
prekop (Toma∫ 1999.73).
Fig. 3. Photomicrographs of the petrographic fabric groups detected at Maharski prekop, Breg and Gor-
nje mosti∏≠e: A – fabric group MP–1; B – fabric group MP–2; C – fabric group MP–3; D – fabric group
MP–4; E – fabric group BR–2; F – clay sample GM3. Images A–D taken in plane polarised light; images
E–F taken in crossed polars. Image width is 2mm (photo by the author).
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Petrographic analysis of the Breg pottery
For the petrographic analysis, four samples were
chosen from trench I, excavated in 1997, according
to their technological characteristics in hand speci-
men analysis (Tab. 1). The samples could be attribu-
ted to three different fabrics according to the distri-
butions of inclusions inside the clay matrix and the
composition of non-plastic inclusions.
Fabric BR–1 is typical of two of the Breg samples
(BR1 and BR7) that were attributed to different stra-
tigraphic units during excavation, but which exhibit
such similarities in thin section analysis, as well as
in general appearance and decoration techniques
that they could be fragments of the same pot. This
fabric is a non-calcareous clay, with common (20%)
non-plastic inclusions. The inclusions are frequent
monocrystalline quartz, common muscovite and few
biotite mica, rare sandstone and calcareous sand-
stone, very rare limestone and chert, a few opaque
grains, very rare plagioclase feldspars and organic
matter (Tab. 4). Most of the inclusions are in the silt
fraction, but a smaller amount of quartz and all the
sandstone and limestone grains are in the sand fra-
ction. These coarser grains are mostly semi-rounded
and well sorted; therefore, they were part of the na-
tural clay paste. Only some rare quartz sand grains
are angular and could have been added as temper
by the potters. This fabric was the most common in
trench I, since 40% of the fragments shared these
characteristics in hand specimen analysis (Toma∫
1999.Sl. 25) and most of the fragments made with
this fabric could belong to the same pot, as sugge-
sted by their technological characteristics and deco-
ration (see Toma∫ 1999.T. B1.9–14). This fabric is si-
milar to fabrics from Resnikov prekop (fabric RP–5)
and Maharski prekop (fabric MP–4).
Fabric BR–2 (Fig. 3E) is present in only one sample
from the lowest layer in trench I. The fabric is a non-
calcareous clay, with frequent (30%) non-plastic in-
clusions, composed of frequent monocrystalline
quartz, frequent muscovite and rare biotite mica, a
few opaque grains, very rare organic matter and very
rare grog inclusions (Tab. 4). Around 1% of quartz
grains was in the coarse sand to gravel (1–3mm)
fraction, sub-angular and well sorted; these grains
could have been added to a very fine natural clay
paste with frequent muscovite and quartz in the silt
fraction; also, very rarely, grog was added to the
paste as temper. The sample has less biotite than
fabric BR–1 and no chert, sandstone or limestone
grains. Only five fragments from trench I were made
with a similar fabric, with no calcite or limestone
grains, but such characteristics were typical of most
of the fragments from trench II (Toma∫ 1999.Sl.
25). This fabric has no similarities with the fabrics
from Resnikov prekop or Maharski prekop.
Fabric BR–3 is a non-calcareous clay, with common
(20%) non-plastic inclusions and added calcite tem-
per. The calcite grains are frequently present, semi-
angular and poorly sorted; the majority of grains are
in the fine to coarse sand fraction, and were added
as temper to the clay paste. Other non-plastic inclu-
sions are frequent monocrystalline quartz, a few mu-
scovite mica and opaque grains, very few chert and
very rare organic matter (Tab. 4). This fabric differs
from the other two in the calcite temper, as well as
in the absence of biotite mica, which is present in
all the other fabrics from Breg, Resnikov prekop and
Maharski prekop. The fabric was rare at Breg, since
only three fragments from trench I and four frag-
ments from trench II were made with added calcite
grains as temper (Toma∫ 1999.Sl. 25). This fabric is
made with the same potter’s recipe as fabric RP–8
from Resnikov prekop and fabric MP–1 from Mahar-
ski prekop, but the composition of non-plastic inclu-
sions differs at this site, mostly in the absence of bio-
tite mica grains.
Origin of the clay pastes and temper
Lake marl as raw material for pottery?
Ljubljansko Barje is a tectonic depression filled with
Pleistocene sediments such as clays, silts, sands and
gravel that were mostly transported to this area by
rivers and streams (e.g., I∏ka, I∫ica, Ωelimelj∏≠ica
etc.). The main rock type of this depression is Trias-
sic dolomite from the Noric-Rhetic stage (Buser
1965). Archaeological sites excavated in the eastern
part of this region showed that the preserved wo-
Fabric Sample No. Calcite Limestone Sandstone Quartz Chert Muscovite Biotite Opaques 
groups (in %) (in %) (in %) (in %) (in %) (in %) (in %) (in %)
Fabric BR–1 BR1, BR7 0 ∏0.5 1 40 ∏0.5 20 10 15–20
Fabric BR–2 BR6 0 0 0 40 0 40 1 15
Fabric BR–3 BR5 30 0 0 40 5 10 0 10
Tab. 4. The basic mineralogical composition of the thin-section of vessels from Breg near πkofljica.
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oden piles were all driven into the lake marl, cal-
led pol∫arica because of its abundant mollusc con-
tent. This sediment was part of a bigger lake that
existed on the Ljubljansko Barje in the Pleistocene
before it dried out. The sediment is very fine grey
carbonaceous clay, with many mollusc shells and
preserved diatoms that point to a lacustrine environ-
ment (Pavlovec 1967; Grim∏i≠ar, Ocepek 1967; Gol-
yeva 2006.118–119). The theory that this sediment
was used for pottery production in the Neolithic and
Eneolithic period was debated for decades. Several
authors dismissed the idea (Koro∏ec 1964.29; Grim-
∏i≠ar, Ocepek 1967.294), but others maintained
that the material was suitable for pottery produc-
tion (Osterc 1975.125).
To test the idea of the suitability of lake marls as
potting clay, a sample from the Maharski prekop ca-
nal was acquired and then prepared into three small
3 x 4cm plates and fired in a controlled oxidising
temperature at 700°C, 900°C and 1100°C, respecti-
vely, for three hours.1 The dominant calcite content
of the samples started decomposition into lime at
700°C, causing the sample to crumble into dust af-
ter firing. The same happened to both samples fired
at higher temperatures: they maintained neither
strength nor shape after firing. Since pottery from
Resnikov prekop, Maharski prekop and Breg near
πkofljica had no mollusc shells preserved and was
mostly made from non-calcareous clays, and combi-
ning this with the fact that lake marls are unsuitable
for making pottery, we can conclude that pol∫arica
was not used by Neolithic and Eneolithic potters in
the Ljubljansko barje. Therefore, Valerija Osterc’s in-
terpretation (Osterc 1975.125) of the petrographical
and X-ray diffraction results of pottery from Mahar-
ski prekop and Resnikov prekop that lake marl was
probably used as the main material for pottery can
be disproved.
Clays from Gornje mosti∏≠e
Following the premise that prehistoric potters se-
lected materials for pottery production in an area
of 5–7km from the settlement (see Arnold 1985)
and the successful use of petrographical analyses of
local clays and pottery (see Whitbread 1995; Quinn
et al. 2010), some additional samples of local sedi-
ments and clays were obtained from Ljubljansko
Barje. At Resnikov prekop, sedimentological and bio-
morph analyses were already performed during the
excavation in 2002 (Velu∏≠ek 2006). The sedimen-
tological analysis of the excavated layers showed
the presence of limestone, tuff, sandstone, dolomite,
and chert in grains larger than 2mm (Turk 2006.
94–96). The biomorph analysis showed the pres-
ence of diatoms in the lake marl and sponge spicu-
les and phytoliths in the layers above (Golyeva
2006.117–119).
For the petrographical analysis, we sampled three
types of clays from Gornje mosti∏≠e (Fig. 1) during
a smaller-scale excavation of test trenches in 2012.
The site is located near Maharski prekop and Resni-
kov prekop on an isolated hill. Excavations here
showed the presence of a new type of settlement,
with a long-term accumulation of anthropogenic ac-
tivities in the area (the material is not yet published;
see Mleku∫ 2013). The samples came from two test
trenches: grey silty clay (sample GM1) was obtained
below the excavated wooden platform at the north-
ern trench, and light brownish grey very fine-grain-
ed clay (sample GM3) as well as very dark organic
clay (sample GM4) came from the trench near the
Resnikov prekop canal, where no traces of human
activity were found (Mleku∫ 2013).
The Gornje mosti∏≠e samples were analysed with the
X-ray diffraction method in their natural state and
also prepared as approx. 3 x 4 cm plates and fired in
a controlled oxidising temperature at 700°C for three
hours. After firing, the samples were prepared as
standard thin sections and described under a polari-
sing optical microscope, following Ian Whitbread
(1995.Appendix 3). All the samples are non-calca-
reous clays, with frequent (30–40%) non-plastic in-
clusions comprised of frequent quartz, frequent mu-
scovite and common biotite mica, a few opaque
grains, rare plagioclase feldspars and rare chert (Tab.
5). Two samples (GM1 and GM3) contained very lit-
tle dolomite, as shown with the X-ray diffraction me-
thod, and this was already decomposing to mineral
periclase at 700°C, which could be observed in thin
section (Cultrone et al. 2001.630). The sample of
very fine clay (GM3) also yielded very rare sponge
spicules in the petrographic analysis and the silty
clay below the wooden platform also had rare sand-
stone grains (Fig. 3F).
The Gornje mosti∏≠e samples show a similar mine-
ralogical composition to the natural clay pastes in
vessels from Resnikov prekop, Maharski prekop and
Breg near πkolfjica. Sample GM3 from Gornje mo-
1 The clay samples were fired at temperatures high enough for the reaction of dehydroxylation of clay minerals to occur; it was
reported that in T< 700°C no significant mineralogical or textural changes occur in clays (Cultrone et al. 2001.629).
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sti∏≠e is a very fine clay that would be suitable for
the making of pottery and had the most similar mi-
neralogical composition to the analysed Neolithic
and Eneolithic vessels from this area. Similar grey
to light brown clay deposits were also documented
above the archaeological layers at Resnikov prekop
(Bregant 1964.14–15; Harej 1975. 146) as well as
at Maharski prekop (here interpreted as alluvial se-
diment covering most of the site in a flood; Bregant
1974a.8–9; 1974b.40–41; 1975.12–13). Clearly this
clay is younger than the pottery taken from Resni-
kov prekop and Maharski prekop, since it covers the
cultural layers at the sites; however, a similar very
fine alluvial sediment that was transported by ri-
vers from the karstic outskirts probably existed in
the Barje floodplain in the Neolithic and Eneolithic
period and was later removed from the area by sea-
sonal floods. The fact that a substantial quantity of
sediments was removed in this period was attested
at Resnikov prekop and other sites (see Velu∏≠ek
2006; Budja, Mleku∫ 2008; Verbi≠ 2011).
The origin of fabric RP–1
The vessels made with pastes containing sponge spi-
cules from Resnikov prekop are also of particular in-
terest (fabric RP–1; Fig. 2A). Some sponges are made
of a mineral skeleton of siliceous structures termed
spicules and an organic skeleton of collagen. Three
general categories of spicules are called megascle-
res, microscleres and gemmoscleres. Megascleres
are needle-shaped structures that range in length
from 150 to 450µm (Thorp, Covich 2010.94–95, Fig.
4.7; Fig. 4.28) and, due to their size, can be recogni-
sed at low magnification. Freshwater sponges pro-
duce much smaller spicules than marine sponges;
they are typically silt rather than sand-sized. All
freshwater sponges belong to the class Demospon-
giae and include a distinct suborder called the Spon-
gillina (Thorp, Covich 2010. 105) which is found
not only in lakes and rivers, but also bogs and wa-
terlogged soils. They have been found to date in the
soils of all continents except Antarctica (see Clarke
2003 with references). Surface soil samples can con-
tain from 1 to 30% sponge spicules; the highest
counts come from poorly drained soils such as lakes
or ponds. Whole spicules are usually preserved in
very wet areas, and broken and pitted spicules were
probably moved by water or wind (Schwandes, Col-
lins 1994. 243–255).
The biomorph analysis of soil samples from the 2002
excavations at Resnikov prekop showed the presence
of phytoliths, diatoms and sponge spicules (Golyeva
2006). The soils from Resnikov prekop yielded many
unbroken sponge spicules and phytoliths in the sam-
ple up to 120cm depth; below 126cm, diatoms typi-
cal of lacustrine deposits were the most common.
Freshwater sponges indicate soils subject to flooding,
such as alluvial soils, and their content in a soil sam-
ple may be indicative of the duration and intensity of
floods at the studied site. These results indicate that
Resnikov prekop was under hydromorphic condi-
tions all the time, with a lake at the beginning, and
later with a stream or small river (perhaps only sea-
sonally) present at this site (Golyeva 2006.116–119).
The presence of unbroken sponge spicules in fabric
RP–1 at Resnikov prekop shows that the clay for these
vessels was gathered locally, as shown by the similar
mineralogical composition and presence of spicules
from clay sample GM3 at Gornje mosti∏≠e, and the
presence of spicules in the layers above the lake marl
at the excavations in 2002. Nevertheless, the higher
number of spicules counted in the pottery could
point to clay gathered in a pond or small lake, not
near a river or stream. This hypothesis will be tested
in the future with new clay samples from this area.
The origin of tempering materials
If we take a closer look at the different tempers used
in the production of pottery in the Neolithic and
Eneolithic on Ljubljansko barje, we see that tempe-
ring material such as quartz sand, chert, various
types of sandstones and limestone (as seen in fab-
rics RP–3, RP–4, RP–5, RP–6, MP–4, BR–1) are an
integral part of various Pleistocene sediments in this
area (Busar 1965; Turk 2006). Therefore, this tem-
per could have been collected near the settlements.
This also applies to the use of grasses and similar
organic material as temper, as shown in fabric MP–3
Sample Quartz Chert Sandstone Muscovite Biotite Periclase Feldspars Opaques Spicules
No. (in  %) (in  %) (in  %) (in  %) (in  %) (in  %) (in  %) (in  %) (in  %)
GM1 40 2 2 30 15 2 0.5 15 0
GM3 50 2 0 30 15 0 2 5 0.5
GM4 40 0.5 0 30 15 5 0.5 5 0
Tab. 5. The basic mineralogical composition of the thin-section of fired clay samples from Gornje Mosti-
∏≠e on the Ljubljansko barje.
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at Maharski prekop. Nonetheless, potters probably
had to travel longer distances to collect calcite as
temper, since a pure form of calcite is not present in
this area, where limestone and dolomite are more
common, but could be acquired on the karstic out-
skirts south of the Ljubljanske barje, where this mi-
neral is present as veins in limestone or as speleo-
thems in caves (Gams 2004.361–364). Further proof
that calcite was indeed collected on the outskirts of
Barje is the presence of calcite and limestone blocks
found at the Stare gmajne pile-dwelling (Turk 2009.
284). As shown above, calcite temper was the most
frequently used recipe at Maharski prekop (fabric
MP–1), but is also present in about 25% of the sam-
ples from Resnikov prekop (fabric RP–8) and is rare
at Breg near πkofljica (fabric BR–3).
In Ljubljansko barje, the calcite-tempered fabric was
present from the earliest stages of pottery produc-
tion, and was used in the production process in a
third of the vessels made at Resnikov prekop and
Breg. The fabric with calcite temper later became
the most common recipe in Ljubljansko barje area,
as demonstrated in the Eneolithic pottery produc-
tion at Maharski prekop. The tradition of using cal-
cite as an important raw material in the making of
ceramic vessels has a long tradition in the Barje, as
well as in western parts of Slovenia. The vessels from
the Vla∏ka group found in caves and rock shelters in
the Karst are made with this fabric, and this pottery
tradition remains dominant through the Neolithic
and Eneolithic period (Ωibrat Ga∏pari≠ 2004; 2008).
Other contemporaneous sites from central, southern
and eastern parts of Slovenia show the preference
for other recipes and technologies (see Toma∫ 1999;
2005; Turk, Svetli≠i≠ 2005; Ωibrat Ga∏pari≠ 2008.
127–174; Kramberger 2010.312, 317).
The use of calcite temper was a technological choice
of Neolithic and Eneolithic potters, since experiments
have shown that the greater toughness and higher
thermal shock resistance useful for cooking pots are
achieved by a high concentration of temper (espe-
cially limestone/calcite, shell or grog temper) and
low firing temperatures (Tite et al. 2001.321). On
the other hand, it has also been suggested, based on
the earliest Neolithic pottery from Franchthi cave in
Greece, that the use of calcium carbonate as temper
was a shamanic procedure and the glittering calcite
crystals were important in the mystical or curative
powers of the recipe. This makes sense in connec-
tion with the observation that in the Early Neolithic
the process of making pottery was more important
than the actual product (Vitelli 1999.193). Calcite
was probably seen as valuable material by the peo-
ple from Maharski prekop. They used calcite abun-
dantly in pottery production, but also made jewel-
lery from its crystals, which is demonstrated by a
necklace made from 33 calcite beads, and several in-
dividual beads were found at the site (Bregant
1984b.49, T. 4.11; 1975.30, T. 8.15–17, 19, T. 12.1;
Strmole 1974).
We can also regard crushed pottery or grog temper
in a similar fashion. This fabric is known only from
Maharski prekop, and even there in only a handful
of pots (see fabric MP–2). Here, the choice of grog
as tempering material could represent renewal or
memory of the deceased, but can be also linked to
potters’ individual choice and artistic expression
(Quinn, Burton 2009.288).
Pottery traditions in Ljubljansko barje
The operational sequence or chaîne opératoire at
Resnikov prekop, Maharski prekop and Breg inclu-
ded the selection of raw materials from a local area
of less than 5km for clay and more than 5km for the
acquisition of tempering materials, especially calcite.
Therefore, potters used mostly locally available raw
materials, although it is known that they had con-
nections with other areas, shown especially in the
use of different stone materials procured more than
100km to the north, west and south of Ljubljansko
barje (Bernardini et al. 2009). Potters used various
fabrics in the preparation of clay bodies: at least eight
different fabrics (RP–1 to RP–8) were recognised at
Resnikov prekop, four at Maharski prekop (MP–1 to
MP–4) and three at Breg near πkofljica (BR–1 to
BR–3). Certain fabrics were used at all of the sites,
such as the fabric with added calcite temper (fabric
RP–8, MP–1 and BR–3) or the fabric with added
sandstone temper (fabrics RP–5, MP–4 and BR–1).
The pottery from all three analysed sites was produ-
ced using mostly local materials, but with different
recipes or fabrics. Similarly, the clays used by pot-
ters show some variability, especially at Resnikov
prekop, which suggests that a variety of different lo-
cally available natural sources was used.
After the preparation of clays and temper, the pots
were mostly made with the coiling technique (Bre-
gant 1975.34–35), which is typical of pottery produ-
ction in a household economy and where pottery
making is only a part-time occupation (Arnold 1985).
For smoothing and burnishing the vessels surfaces,
various tools were used, such as the bone tools disco-
vered at Maharski prekop (Bregant 1974a.T. 4.3, T.
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7.3; 1974b.T. 4.1–2; 1975.T. 8.8, T. 12.7). Areas for
pottery production, such as the remains of kilns or
firing sites have not been discovered in this region.
The pottery from Resnikov prekop and Breg was
mostly fired in an open firing, since most of the ves-
sels were fired in an incomplete atmosphere. How-
ever, pottery from Maharski prekop was probably
fired in kilns in a reducing atmosphere (Bregant
1974b.50). This is supported by the fact that the pot-
tery had well-preserved organic matter in the fabrics,
typical of ceramics fired in a reducing rather than
oxidising atmosphere (Reedy 2008.185–186), and
the fact that copper metallurgy was known and used
at the settlement (Velu∏≠ek, Greif 1998). Wood for
fuel (as well as an important building material) could
have been acquired in the vicinity, south of the set-
tlement on the outskirts of the Barje region (Bregant
1975.17–30; πercelj 1975.115–120).
The optically active clay paste as observed under the
microscope shows that the pottery was not fired at
very high temperature. At around 600°C, clay mine-
rals lose their water of hydration and this marks ma-
jor alterations in their chemical and minerals struc-
tures. At around 900°C, their structures collapse ir-
reversibly and clay minerals lose their optical chara-
cteristics (Grimshaw 1971.221–227; Rice 1987.90–
92). Additionally, the fabrics with calcite and lime-
stone inclusions show that these minerals were not
fired to the temperature of calcite decomposition
into lime, which occurs in the 650 to 850°C tempe-
rature interval (Rice 1987.97–98; Cultrone et al.
2001.624). This reaction starts at a lower tempera-
ture when pottery is fired in oxidising conditions
and at higher temperatures in reducing conditions
(Reedy 2008.187–189). In most of the fabrics, the
monocrystalline quartz grains exhibit shattering of
the grains connected to the first inversion reaction,
typical of this mineral, which starts at 573°C (Grim-
shaw 1971.221–227). Since pottery from all three
sites in Ljubljansko barje exhibits similar changes in
the mineralogical composition of fabrics, we con-
clude that the pottery with calcite or limestone in-
clusions was fired at lower temperatures, between
600 to 700°C, which is typical of pottery of this pe-
riod (Ωibrat Ga∏pari≠ 2004.212–213; 2008.86–88).
Nevertheless, the fabrics without calcareous inclusi-
ons could have been fired to 800°C, but not signifi-
cantly higher, since muscovite and biotite mica grains
did not start to transform into higher temperature
minerals such as mullite (Cultrone et al. 2001.624).
The oldest pottery tradition in Ljubljansko barje is
linked to vessels at Resnikov prekop, since the mak-
ing of ceramic vessels was performed at the site al-
ready in the 6th millennium calBC, as was proved
with new radiocarbon dates. The typological analy-
sis of vessels from Resnikov prekop shows great va-
riability, with various types of pots being the most
common. In addition, dishes, footed dishes, bowls,
cups, pitchers, beakers and lades are also present.
Pots and dishes were made from all the fabrics re-
cognised at Resnikov prekop; however, bowls, cups,
beakers and jugs were mostly made of fabrics with
added quartz, sandstone or limestone temper (fab-
rics RP–5 and RP–6) and only rarely with added cal-
cite (RP–8) or with a very fine-grained clay (RP–2).
Since different fabrics and recipes were used for the
production of similar vessel types, we can assume
that they reflect the personal choice of potters. The
predominant lipid content was of ruminant fats and
mixed fats, but also milk in one of the bowls (Mle-
ku∫ et al. 2013; bowl – Harej 1975.T. 3.7).
The pottery tradition from Breg near πkofljica resem-
bles the material from Resnikov prekop, although
the few excavated vessels also exhibit special chara-
cteristics not present in the pottery from Resnikov
prekop. In vessel typology, the pottery assemblage
from Breg is modest, since only one vessel could be
reconstructed: one pot decorated with grooved in-
cisions (Toma∫ 1999.T. B1.9) which is similar to pots
from Resnikov prekop. The petrographic analysis
showed that similar decorated fragments found at
Breg were all part of the same pot (Toma∫ 1999.T.
1.10–14), making the number of possible vessels
found at the site even smaller. The total number of
possible different vessels at Breg is below twenty
and the pottery was made from at least three diffe-
rent fabrics, two of which resemble fabrics from Res-
nikov prekop, which makes for great variability in a
small assemblage, which could reflect individual
choices by potters.
The other pottery tradition is linked to the younger
assemblage at Maharski prekop. The vessels from
Maharski preko show great variability in their shapes
and dimensions, and we propose that they had dif-
ferent functions, as serving and cooking vessels as
well as for storage (Mleku∫ et al. 2012.332–336).
This is further supported by the fact that the four
fabrics are not correlated to vessel types; for exam-
ple, the most common fabric, MP–1, was used for
a series of different vessel types that had different
functions and their function was not predetermined
during production (Mleku∫ et al. 2012.336; Ogrinc
et al. 2012.346). The pottery assemblage from Ma-
harski prekop shows a long tradition in pottery pro-
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duction, spanning almost 900 years, according to
new radiocarbon dates (Mleku∫ et al. 2012.T. 1).
This tradition included the use of four pottery fab-
rics, the predominant use of calcite temper and the
use of local raw materials.
Conclusions
Every pot encountered at archaeological sites is the
result of a series of decisions made by the potters,
who had a choice of various natural raw materials,
tools, sources of energy and manufacturing techni-
ques. Consequently, each pot is a unique result of a
potter who had a choice between alternative techni-
ques. Pottery technology analyses should therefore
focus on the whole operational sequence in pottery
production, which involves the manipulation of tools
as well as natural resources within local cultural per-
ceptions of the suitability of certain methods and
techniques (Sillar, Tite 2000.3–4). The development
of technological traditions comes from an interac-
tion between the more conservative cultural choice
and the more innovative nature of personal choice.
Prehistoric potters only rarely recognised all the po-
tential manufacturing techniques for pottery produc-
tion and used only a handful; the techniques used
were probably considered as traditional inside a
community and were learnt from other potters. In-
novations did happen mostly if the innovator obtain-
ed materials, tools or techniques from a different
sphere of technological activities and modified them
for his/her needs (Sillar, Tite 2000.10). Therefore,
pottery technology should be considered in compa-
rison with other contemporaneous techniques, since
all techniques are choices made in the wider contexts
of local perceptions (Lemmonier 1986) and are the
result of different practical possibilities that were
evaluated and chosen through cultural criteria (Sil-
lar, Tite 2000.7–9).
The operational sequence at the Neolithic and Eneo-
lithic sites on the Ljubljansko barje included the pro-
curement of raw materials locally, but also over an
area more than 5km from the sites, which was a
common procedure in all the analysed pottery tra-
ditions. Nevertheless, the preparation of pottery fab-
rics, the shaping and decorating, as well as firing of
the vessels were different in traditions at Resnikov
prekop and Breg from those at Maharski prekop. At
the oldest settlements at Resnikov prekop and Breg,
the potters used a variety of different recipes for
their pots, dishes, bowls, cups etc., although the ves-
sels have a very similar general appearance. In ad-
dition, the fabrics used for pottery at Resnikov pre-
kop and Breg show that the potters used different
types of raw materials, probably procured locally,
but at different locations. At the moment, we cannot
explain whether clay and tempering materials were
collected even farther away than 5km on the Ljub-
ljansko barje or on its fringes, since only a handful
of clay samples have been analysed thus far. The
choice of different natural raw materials in a small
area could be related to the individual potters work-
ing at these sites. On the other hand, at the younger
Maharski prekop site, the number of different reci-
pes, fabrics and clays dropped significantly and the
vessels show a very strong tradition, and appear
more homogenous in their preparation, shapes and
decoration, although they had different functions.
The selection of raw material, the shaping and deco-
rating of pots, their firing and use were probably
more related to different traditions and individual
choices of potters at these sites than being purely
technological choices. This can be seen in the use of
a variety of different tempers and clay pastes acqui-
red near the settlements on the flood plain as well
as on the karstic fringes. Some materials could have
had a special position for these prehistoric potters
and their communities, such as the addition of cal-
cite, which was also used for personal ornaments,
and crushed pottery or grog. In addition, other raw
materials, especially stone tools and ornaments,
were acquired from distances far from Ljubljansko
barje (e.g., Skaberne, Mladenovi≠ 2004; Bernardini
et al. 2009), supporting the idea that different ma-
terials had different meanings for the Neolithic and
Eneolithic communities in this area and that their
choices were not always based on the best technolo-
gical solutions or the nearest procurement sites.
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